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ABSTRACT: This paper deals with the levels anci distributions of nutrient salts in the 
United Arab Emirates waters. Water samples were collected bimonthly during 1994-1995 
from the marine environment of the United Arab Emirates, which extends more than 800 
Ian along the Arabian Gulf and the Gulf of Oman. 
Concentrations of ammonium, nitrite, nitrate, phosphate, silicate, as well as total 
concentrations of total dissolved nitrogen, phosphorus, and silicon in the area were 
scattered in the ranges: (ND-6.32; mean: 0.84 µg-at Nil), ND-3.02; mean: 0.42 µg-at 
Nil), (ND-10.88; mean: 1.18 µg-at N/l), (ND-4.22; mean: 0.62 µg-at P/1), (1.14-28.80; 
mean: 6.52 µg-at Sill), (1.52-39.58; mean: 12.28 µg-at N/1), (0.40-4.98; mean: 1.07 µg-
at P/1), and (2.77-44.74; mean: 13.02 Sill) respectively. Of inorganic nitrogen species, 
ammonium was the highest in the Arabian Gulf waters and nitrate was the highest at the 
Gulf of Oman. The dissolved inorganic nitrogen total species, phosphate and silicate 
amounted to 16.4, 47.6, 56.5% respectively, of the concentrations of nitrogen, 
phosphorus and silicon in the Arabian Gulf and 22.6, 64.4, 44.9% respectively, in the 
Gulf of Oman, indicating that more than 80% of nitrogen was present in organic forms. 
Distributions of nutrient in the two regions were higher in the summer season and lower 
in the winter season due to the oxidation of organic materials. Regional distributions 
revealed higher values for nitrite (1.3 times), nitrate (2.8 times), phosphate (2.2 times), 
total dissolved nitrogen (1.3 times), total dissolved phosphorus (1.6 times), and total 
dissolved silicon (1.3 times) in the Gulf of Oman compared to the Arabian Gulf, 
indicating more oligotrophic conditions at the Arabian Gulf. Whereas no distinct patterns 
of distribution were observed in the Arabian Gulf waters, an increase in the seaward 
direction was measured at the Gulf of Oman. Vertical distributions indicated a general 
increase with depth in the two regions. 
The mean ratios for total concentrations of phosphorus, nitrogen, and silicon in the 
Arabian Gulf (1: 11.6: 12.6) and the Gulf of Oman (1: 10.1: 11.8) were lower than the 
Redfield ratio. 
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INTRODUCTION 
The marine environment of the United Arab Emirates along the Arabian Gulf and the 
Gulf of Oman is the major source of wealth for the country, in addition to its moderating 
effect on the dry, hot desert climate. Recently, the coastal areas have witnessed a rapid 
development program as well as other human activities. Effluents from factories, 
desalination plants, different industries, municipal wastes have been dumped mainly into 
this marine environment. Most of the environment studies carried out in the marine 
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environment of the United Arab Emirates, especially for nutrient salts, were directed 
towards semi-closed areas (Shriadah and Al-Ghais, 1999, Hassan et al., 1993, 1995a,b, 
Abu-Hilal et al., 1994), inforn1ation concerning nutrient salts in the offshore waters of the 
United Arab Emirates along the Arabian Gulf is very limited (Shriadah, 1997). 
The present study is an attempt to get basic and comprehensive data on the 
concentrations and distributions of nutrient salts as index of potential fe1iility in the 
coastal and offshore waters of the United Arab Emirates along the Arabian Gulf and the 
Gulf of Oman. 
MATERIALS AND METHODS 
Seawater samples were collected bimonthly from sixteen hydrographic stations 
selected at the Arabian Gulf and the Gulf of Oman off the United Arab Emirates (Fig. 1 ). 
Water samples were collected during the period from October 1995 to September 1996. 
The samples were collected from 0, 10, and 20m at the Arabian Gulf and from 0, 10, 20, 
30, 50, 75m depths at the Gulf of Oman by means of a Hydro-Bios plastic water sampler 
and were immediately treated with 0.5% chloroform to prevent or at least to minimize 
changes. Samples were kept in well-stoppered polyethylene bottles and were frozen at an 
extremely low temperature (-25 °C). Determination of nutrient concentrations (nitrate, 
nitrite, ammonia, phosphate, silicate, total dissolved nitrogen, total dissolved phosphorus, 
and total dissolved silicon) were carried out spectrophotometrically according to the 
methods described by Grasshoff (1976a). 
RESULTS AND DISCUSSION 
Ammonium indicated wide variations (Table 1) with higher concentrations in the 
waters of the Arabian Gulf but lower concentrations in the Gulf of Oman waters during 
summer months (May-October) compared to winter months (November-April). The 
higher values measured in the summer season at the Arabian Gulf were due to the 
oxidation of organic compounds leading to increases in the concentrations of ammonium. 
According to Grasshoff (1976b) and to Brewer and Dyressen (1985), the waters low in 
salinity and rich in nutrients penetrate into the Arabian Gulf through the Strait of 
Hormouz. Based on the current circulation patterns (Hunter, 1986), this inflowing water 
could reach the northern coast of the United Arab Emirates. Results of nutrient 
distributions in Qatari waters (El-Deeb and El-Samra, 1990) as well as sigma-T results 
given by Hassan and Mohamed (1985), support the above mentioned findings. Regional 
variations revealed similar concentrations of ammonium in the Arabian Gulf (0.83 µg-at 
Nil) and the Gulf of Oman (0.85 µg-at Nil) waters, with general increases in the seaward 
direction. Higher concentrations were measured at offshore stations (0.88 and 0.91 µg-at 
Nil) in the two regions compared to inshore stations (0.77 and 0.78 µg-at Nil). Vertical 
distribution indicated higher concentrations in bottom layers than in the surface layers 
(Fig. 2) because of the oxidation of organic materials near the bottom layers and release 
from sediments (Chester, 1990). The gradient in the vertical concentration was less 
pronounced in the Arabian Gulf waters as compared to the Gulf of Oman due to the 
shallowness of the area and mixing in the water column. 
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Fig. 1. Locations of Sampling Stations. 
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Table 1. Seasonal variatuions of nutrient salts (µg-at/1) in the Arabian Gulf and the 
Gulf of Oman. 
Area The Arabian Gulf The Gulf of Oman 
Parameters The summer The winter The summer The winter 
season season season season 
Range Range Range Range 
(Mean±SD) (Mean±SD) (Mean± SD) (Mean±SD) 
Ammonia ND-3.38 ND-2.48 ND-3.75 ND-4.37 
(0.99±0.2) (0.63+0.06) (0.75+0.03) (0.99+0.04) 
Nitrite ND-1.66 ND-1.73 ND-3.02 ND-2.16 
(0.39+0.01) (0.32+0.01) (0.46+0.02) (0.49+0.1) 
Nitrate ND-2.96 ND-2027 ND-10.88 0.02-5.71 
(0.68±0.05) (0.55±0.05) (2.22±0.05) (1.30±0.4) 
Phosphate 0.01-1.81 0.01-0.89 0.09-2.51 0.03-4.22 
(0.48±0.04) (0.30±0.02) (1.03+0.05) (0.66+0.08) 
Silicate 1.98-17.52 1.56-23.40 2.60-28.80 1.14-10.67 
(6.30+ 1.0) (6.70+0.9) (7.85+ 1.2) (5.20+ 1.0) 
I Nitrogen 2.96-35.86 1.52-30.08 2.15-39.58 3.20-45.10 
(11.6±2.1) (10.1±2.2) (15.0±3.1) (12.40±2.9) 
I Phosphorus 0.04-1.95 0.50-1.88 0.53-2.64 0.63-4.98 
(0.99±0.03) (0.65±0.03) (1.51+0.5) (1.13±0.2) 
I Silicon 2.56-39.45 2.77-16.56 6.68-44.74 3.73-15.99 
(12.40+ 1.4) (10.60+ 1.2) (20.25+4.1) (8.82+2.1) 
Because it occupies an intermediate position in oxidation-reduction processes 
between ammonia and nitrate, nitrite is affected mostly by the surrounding conditions. In 
the present study, nitrite distributions showed generally unclear seasonal variations 
(Table 1). Regional variations, on the other hand, revealed higher nitrite concentrations at 
the Gulf of Oman (0.48 µg-at N/1) compared to the Arabian Gulf (0.36 µg-at Nil), 
without significant differences between offshore (0.47 and 0.43 µg-at Nil) and inshore 
stations (0.39 and 0.39 µg-at N/1) in the two regions. Distributions of nitrite showed 
general increases with depth in the two regions due to the oxidation of ammonium near 
the bottom layers (Fig. 2). 
Nitrate showed wide variations, with higher concentrations during the summer 
season compared to the winter season (Table 1). Although there could be several reasons 
of the higher nitrate concentrations during summer months, one of the most obvious 
reasons was the oxida.tion of organic compounds. Negative correlations (r=-0.69 and r=-
0.73; at p=0.001) obtained between nitrate and dissolved oxygen in the two regions 
suggested that the decomposition of organic materials is one of the principle source of 
nitrate in the two regions in addition to the inflowing of nutrient rich water from the Strait 
of Hormuz (Grasshoff, 1976b; Brewer and Dyrssen, 1985; Hassan and Mahmoud, 1985; 
Hunter, 1986; El-Deeb and El-Samara, 1990). There were no distinct patterns of regional 
distribution in the Arabian Gulf. Moreover the differences between offshore (0.62 µg-at 
Nil) and inshore (0.59 µg-at N/1) stations were not significant. However an obvious 
increase was observed in the seaward direction in the Gulf of Oman as higher 
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concentrations were measured at offshore (2.3 µg-at N/1) than at inshore stations (0.60 
µg-at Nil). In general, the mean concentrations of nitrate showed higher values at the 
Gulf of Oman (1.80 µg-at Nil) compared to the Arabian Gulf (0.62 µg-at N/1). Vertical 
distributions of nitrate showed gradual increases with depth in the two regions (Fig. 2) 
due to regeneration from organic matter in bottom waters and release from sediments 
(Chester, 1990). 
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The order and abundance of different inorganic nitrogen species calculated for the 
Arabian Gulf were ammonium> nitrate> nitrite which represented 45.3, 20.1, and 34.6% 
respectively of dissolved inorganic nitrogen. At the Gulf of Oman, they amounted 28.1, 
14.8, and 56.5% respectively. The high ammonium contents in the Arabian Gulf 
compared to other inorganic nitrogen species were attributed to oxidation of organic 
matter which causes some liberation of ammonium (Spencer, 1975). In general, the mean 
concentrations of inorganic nutrient salts were higher at the Gulf of Oman waters (3 .10 
µg-at Nil) compared to the Arabian Gulf waters (1.79 µg-at Nil). Worth noting is the 
biological enrichment of the Arabian Gulf taking place, due to water from the Gulf of 
Oman flowing unto the Arabian Gulf via Strait of Hormuz. Whereas, the water in the 
Gulf of Oman is biologically enriched from the entry of water from the Arabian Sea and 
Indian Ocean revealing also differences in physicochemical characteristics of the two 
regions (Shriadah, 2001). 
The dissolved inorganic nitrogen in the Arabian Gulf and the Gulf of Oman 
amounted 16.5 and 22.6% respectively of the total dissolved nitrogen (IN) suggesting 
that nitrogen was mostly present in organic forms. As a result of the oxidation of these 
organic compounds, IN showed higher concentrations in the summer season (11.6 and 
15.0 µg-at Nil) than the winter season (10.1 and 12.4 µg-at N/1). Moreover, the 
inflowing of nutrient-rich water from the Strait of Hormuz (Grasshoff, 1976b; Brewer 
and Dyrssen, 1985; Hassan and Mahmoud, 1985; Hunter, 1986; El-Deeb and El-Samra, 
1990) into the Arabian Gulf is considered. The horizontal distribution of I N in the 
waters of the Arabian Gulf revealed no distinct pattern of distribution. Moreover, the 
difference between offshore (10.97 µg-at Nil) and inshore stations (10.66 µg-at Nil) 
were not significant. In the Gulf of Oman, an increase in the seaward direction was 
indicated as much higher concentrations (22.34 µg-at N/1) were observed at offshore 
stations compared to inshore ones (9.87 µg-at N/1). Vertical distribution, on the other 
hand, indicated an increase with depth (Fig. 3) in the two regions reflecting the effect of 
as total nitrogen sources. The overall mean I N calculated for the Gulf of Oman waters 
(14.65 µg-at N/1) was noticeably higher than the Arabian Gulf (10.85 µg-at Nil), 
indicating more oligotrophic conditions at Arabian Gulf (Emara et al., 1989; El-Deeb and 
El-Samra, 1990). 
The distribution of dissolved inorganic phosphorus (Table 1) revealed higher 
concentrations in the two regions during the summer season (0.48 and 1.03 µg-at P/I) 
than the winter season (0.30 and 0.66 µg-at P/I), which reflected the importance of the 
decomposition of organic materials as a main source for inorganic phosphorus in the 
addition to the inflow of nutrient-rich water from the Straits of the Hormuz (Grasshoff, 
1976b; Brewer and Dyrssen, 1985; Hassan and Mahmoud, 1985; Hunter, 1986; El-Deeb 
and El-Samra, 1990) during the summer season. Horizontal distribution, on the other 
hand, revealed similar concentration in the two regions at offshore (0.41 and 0.79 µg-at 
P/I) and inshore stations (0.37 and 0.77 µg-at P/I). Phosphate concentrations showed a 
general increase with depth (Fig. 2) which was more pronounced at the Gulf of Oman. 
The increase of dissolved inorganic phosphate with depth was due to the decomposition 
of organic matter at the bottom and release from bottom sediments to the overlying 
bottom water (Chester, 1990). The dissolved inorganic phosphate amounted to 47.6% of 
the total phosphorus CI P) in the Arabian Gulf and 64.4% in the Gulf of Oman. Like 
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inorganic phosphorus I P showed higher values during the summer season than in the 
winter season in the two regions,. Moreover, horizontal distribution revealed insignificant 
different between concentration at offshore (0.94 and 1.44 µg-at P/I) and inshore (0.91 
and µg-at P/I) station. In a trend similar to inorganic phosphorus, vertical distribution of 
IP showed gradual increases with depth in the two regions (Fig. 3) due to the increase in 
both dissolved inorganic phosphorus and organic phosphorus. 
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Distribution of silicate in the Arabian Gulf water (Table 1) showed no concentration 
differences between the summer season (6.30 µg-at Si/I) and the winter season (6.70 µg-
at Si/I). In the Gulf of Oman, higher values were measured in the summer season (7.85 
µg-at Si/I) than the winter season (5.20 µg-at Si/I) due to the dissolution of shell material, 
particularly diatoms (Chester, 1990). Regional comparison, on the other hand, indicated 
similar concentration in the two regions (6.50 and 6.53 µg-at Si/I). The differences 
between inshore (6.56 and 6.80 µg-at Si/I) and offshore (6.23 and 5.86 µg-at Si/I) station 
also were not significant. Like other nutrient salts, the vertical distribution of silicate 
revealed increases with depth in the two regions due to the release of silicate from bottom 
sediments and shell dissolution (Chester, 1990). Of the total silicon O:: Si), inorganic 
reactive silicate in the Arabian Gulf and the Gulf of Oman amounted 56.5% and 43.2%, 
respectively. Seasonal variations of 2:: Si showed higher values in the summer than the 
winter (Table 1). Although horizontal distribution of I Si showed insignificant 
differences between offshore (7.62 µg-at Si/I) and inshore (7.43 µg-at Si/I) station in the 
Arabian Gulf. Higher concentrations were observed at inshore station (18.82 µg-at Si/I) 
in the Gulf of Oman waters compared to offshore (11.30 µg-at Si/I) stations. In a trend 
similar to other nutrient salts, I Si showed an increase with depth in the two regions 
(Fig. 2) due to oxidation of organic materials and dissolution of shell material. 
The calculated molar ratio (Table 2) for total concentrations of phosphorus, nitrogen, 
and silicon in sea water of the Arabian Gulf (1: 11.6: 12.4) and the Gulf of Oman 
(1: 10.1: 11.8) were lower than normal ratios (1: 15: 15) reported by Redfield (1934, 1958). 
Table 2. Mean annual concentrations and concentration ratios of total nitrogen: 
total phosphorus: total silicon in the two regions. 
Parameters The Arabian Gulf The Gulf of Oman 
I nitrogen 10.85 14.05 
I phosphorus 0.93 1.27 
I silicon 11.5 15.1 
Ni: P: Si 1:11.6:12.4 1:10.1:11.8 
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